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DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOFK

This application claims priority to Korean Patent Appli-
cation No. 10-2017-0067033, filed on May 30, 2017/, and all
the benefits accruing therefrom under 35 U.S.C. § 119, the

content ol which in its entirety 1s herein mcorporated by
reference.

BACKGROUND

1. Field

Exemplary embodiments of the invention relate to a
display device and a manufacturing method thereot, and 1n
detail, relate to a display device and a manufacturing method
for improving element reliability.

2. Description of the Related Art

An organic light emitting diode display generally includes
two electrodes and an organic emission layer interposed
therebetween. Electrons injected from one electrode of the
two electrodes and holes injected from the other electrode of
the two electrodes are combined in the organic emission
layer to generate excitons. The generated excitons are
changed to a ground state from an excited state, releasing
energy to emit light.

The organic light emitting diode display includes a plu-
rality of pixels mncluding an organic light emitting diode as
a self-emissive element, and a plurality of transistors for
driving the orgamic light emitting diode and at least one
capacitor are formed in each pixel. The plurality of transis-
tors generally includes a switching transistor and a driving,
transistor.

SUMMARY

In a process of elongating a number of pixels for increas-
ing resolution of an organic light emitting diode display, an
aperture ratio may decrease, a current density may increase,
and a driving voltage may increase. Accordingly, there are
problems that stains are generated and reliability of elements
such as a thin film transistor decreases.

Exemplary embodiments provide a display device and a
manufacturing method for improving element reliability.

A display device according to an exemplary embodiment
includes a substrate, a switching transistor and a driving
transistor positioned on the substrate, a first electrode con-
nected to the driving transistor, a second electrode posi-
tioned on the first electrode, and a pixel definition layer
positioned between the first electrode and the second elec-
trode, and including a first portion, and a second portion
having a thickness less than that of the first portion, where
a pixel opening defined 1n the pixel defimtion layer is
enclosed by the first portion, and the second portion overlaps
the first electrode and the second electrode.

In an exemplary embodiment, the first electrode and the
second electrode may overlap the first portion, the second
portion, and the pixel opening of the pixel definition layer.

In an exemplary embodiment, a distance between a first
portion of the first electrode overlapping the first portion of
the pixel definition layer and a first portion of the second
clectrode may be greater than a distance between a second
portion of the first electrode overlapping the second portion
of the pixel definition layer and a second portion of the
second electrode.

In an exemplary embodiment, a distance between a third
portion of the first electrode overlapping the pixel opening
of the pixel definition layer and a third portion of the second
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2

clectrode may be less than the distance between the second
portion of the first electrode overlapping the second portion
of the pixel defimition layer and the second portion of the
second electrode.

In an exemplary embodiment, the first portion of the pixel
definition layer may be positioned between the pixel open-
ing and the second portion.

In an exemplary embodiment, an organic emission layer
positioned between the first electrode and the second elec-
trode may be further included.

In an exemplary embodiment, the organic emission layer
may be positioned between the pixel definition layer and the
second electrode.

In an exemplary embodiment, the second portion of the
pixel definmition layer may overlap the organic emission
layer.

In an exemplary embodiment, the first electrode, the
second electrode, and the organic emission layer overlap the
first portion, the second portion, and the pixel opening of the
pixel definition layer.

In an exemplary embodiment, the second portion of the
pixel definition layer may not overlap the organic emission
layer.

In an exemplary embodiment, the first electrode and the
second electrode may overlap the first portion, the second
portion, and the pixel opening of the pixel definition layer,
and the organic emission layer may overlap the pixel open-
ing of the pixel definition layer.

In an exemplary embodiment, the first portion of the pixel
definition layer may be positioned between the pixel open-
ing and the second portion, and may be positioned between
a plurality of second portions adjacent to each other.

In an exemplary embodiment, the first portion of the pixel
definition layer may not overlap the organic emission layer
between the plurality of second portions adjacent to each
other.

In an exemplary embodiment, the organic emission layer
may include a first organic emission layer emitting a first
color and a second organic emission layer emitting a second
color, and the first organic emission layer and the second
organic emission layer may not overlap each other.

In an exemplary embodiment, a display device according
to an exemplary embodiment includes a substrate, a first
clectrode positioned on the substrate, a pixel definition layer
positioned on the substrate and the first electrode and
including a first portion, and a second portion having a
thickness less than that of the first portion, an organic
emission layer positioned on the first electrode, and a second
clectrode positioned on the organic emission layer, where a
pixel opening defined 1n the pixel definition layer 1s enclosed
by the first portion, and the second portion overlaps the first
clectrode and the second electrode.

In an exemplary embodiment, the first electrode and the
second electrode may overlap the first portion, the second
portion, and the pixel opening of the pixel definition layer.

In an exemplary embodiment, a distance between a first
portion of the first electrode overlapping a first portion of the
pixel defimition layer and a first portion of the second
clectrode may be greater than a distance between a second
portion of the first electrode overlapping the second portion
of the pixel definition layer and a second portion of the
second electrode.

In an exemplary embodiment, the first portion of the pixel
definition layer may be positioned between the pixel open-
ing and the second portion.
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In an exemplary embodiment, the second portion of the
pixel definition layer may further overlap the organic emis-
sion layer.

A manufacturing method of a display device according to
an exemplary embodiment includes forming a first electrode
on a substrate, forming an organic material layer on the
substrate and the first electrode, patterning the organic
maternial layer to form a pixel definition layer including a
first portion, a second portion, and a pixel opening, forming
an organic emission layer on the first electrode, and forming
a second electrode on the organic emission layer, where the
second portion has a thickness less than that of the first
portion, and the second portion overlaps the first electrode
and the second electrode.

In an exemplary embodiment, at least one of a slit mask
and a half-tone mask may be used in the step of patterning
the organic material layer.

In an exemplary embodiment, the pixel opening may be
enclosed by the first portion.

In an exemplary embodiment, the first electrode and the
second electrode may overlap the first portion, the second
portion, and the pixel opening of the pixel definition layer.

In an exemplary embodiment, a distance between a first
portion of the first electrode overlapping the first portion of
the pixel definition layer and a first portion of the second
clectrode may be greater than a distance between a second
portion of the first electrode overlapping the second portion
of the pixel definition layer and a second portion of the
second electrode.

In an exemplary embodiment, the first portion of the pixel
definition layer may be positioned between the pixel open-
ing and the second portion.

In an exemplary embodiment, the second portion of the
pixel definition layer may further overlap the organic emis-
sion layer.

In an exemplary embodiment, the display device and the
manufacturing method thereof according to the exemplary
embodiments may improve element reliability.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other exemplary embodiments, advantages
and features of this disclosure will become more apparent by
describing 1n further detail exemplary embodiments thereof
with reference to the accompanying drawings, in which:

FIG. 1 1s a plan view of an exemplary embodiment of a
display device;

FIG. 2 1s a cross-sectional view of the display device of
FIG. 1 taken along line II-II;

FIGS. 3 and 4 are process cross-sectional views showing
an exemplary embodiment of a manufacturing method of a
display device;

FIG. 5 1s a plan view of an exemplary embodiment of a
display device;

FIG. 6 1s a cross-sectional view of the display device of
FIG. S taken along line VI-VI;

FIG. 7 1s a plan view of an exemplary embodiment of a
display device;

FIG. 8 1s a cross-sectional view of the display device of
FIG. 7 taken along line VIII-VIII;

FIGS. 9 and 10 are cross-sectional views of an exemplary
embodiment of a display device;

FIG. 11 1s a plan view of an exemplary embodiment of a
display device;

FI1G. 12 1s a cross-sectional view of the display device of
FIG. 11 taken along line XII-XII;
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FIG. 13 1s an equivalent circuit diagram of an exemplary
embodiment of one pixel of a display device;

FIG. 14 1s a schematic plan view of an exemplary
embodiment of a transistor and a capacitor of a red pixel, a
green pixel, and a blue pixel of a display device;

FIG. 15 1s a detailed plan view of one pixel of FIG. 14;

FIG. 16 1s a cross-sectional view of the display device of
FIG. 15 taken along line XVI-XVI;

FIG. 17 a cross-sectional view of the display device of
FIG. 15 taken along lines XVII-XVII and XVII'-XVII'"; and

FIG. 18 1s a plan view of an exemplary embodiment of a
display device.

DETAILED DESCRIPTION

The mvention will be described more fully hereinafter
with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. As
those skilled in the art would realize, the described embodi-
ments may be modified in various different ways, all without
departing from the spirit or scope of the mvention.

In order to clearly explain the invention, portions that are
not directly related to the invention are omitted, and the
same reference numerals are attached to the same or similar
constituent elements throughout the entire specification.

In addition, the size and thickness of each configuration
shown 1n the drawings are arbitrarily shown for better
understanding and ease of description, but the mvention 1s
not limited thereto. In the drawings, the thickness of layers,
films, panels, regions, etc., are exaggerated for clarity. In the
drawings, for better understanding and ease of description,
the thicknesses of some layers and areas are exaggerated.

It will be understood that when an element such as a layer,
f1lm, region, or substrate is referred to as being “on” another
clement, 1t can be directly on the other element or interven-
ing clements may also be present. In contrast, when an
clement 1s referred to as being “directly on” another element,
there are no intervening elements present. Further, in the
specification, the word “on” or “above” means positioned on
or below the object portion, and does not necessarily mean
positioned on the upper side of the object portion based on
a gravitational direction.

In addition, unless explicitly described to the contrary, the
word “comprise” and varnations such as “comprises” or
“comprising” will be understood to imply the inclusion of
stated elements but not the exclusion of any other elements.

Further, 1in the specification, the phrase “in a plan view”
means viewing the object portion from the top, and the
phrase “on a cross-section” means viewing a cross-section
of which the object portion 1s vertically cut from the side.

It will be understood that, although the terms *“first,”
“second,” “third” etc. may be used herein to describe various
clements, components, regions, layers and/or sections, these
clements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, “a first element,” “component,” “region,”
“layer” or “section” discussed below could be termed a
second element, component, region, layer or section without
departing from the teachings herein.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting. As used herein, the singular forms “a,” “an,” and
“the” are mtended to include the plural forms, including “at
least one,” unless the content clearly indicates otherwise.

b B 4 4
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“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
clement’s relationship to another element as 1llustrated in the
Figures. It will be understood that relative terms are intended
to encompass diflerent orientations of the device 1n addition
to the orientation depicted 1n the Figures. In an exemplary
embodiment, when the device in one of the figures 1s turned
over, elements described as being on the “lower” side of
other elements would then be oriented on “upper” sides of
the other elements. The exemplary term “lower,” can there-
fore, encompasses both an orientation of “lower” and
“upper,” depending on the particular orientation of the
figure. Similarly, when the device 1n one of the figures 1s
turned over, elements described as “below” or “beneath”
other elements would then be oriented “above” the other
clements. The exemplary terms “below” or “beneath™ can,
therefore, encompass both an orientation of above and
below.

“About” or “approximately” as used herein 1s inclusive of
the stated value and means within an acceptable range of
deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement 1n
question and the error associated with measurement of the
particular quantity (1.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this mvention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and the invention, and will not be interpreted 1n an
idealized or overly formal sense unless expressly so defined
herein.

Exemplary embodiments are described herein with refer-
ence to cross section illustrations that are schematic 1llus-
trations of 1dealized embodiments. As such, variations from
the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations 1n shapes that
result, for example, from manufacturing. In an exemplary
embodiment, a region illustrated or described as flat may,
typically, have rough and/or nonlinear features. Moreover,
sharp angles that are 1llustrated may be rounded. Thus, the
regions 1llustrated in the figures are schematic in nature and
their shapes are not intended to illustrate the precise shape
of a region and are not intended to limit the scope of the
claims.

First, the display device according to an exemplary
embodiment will be described with reference to FIGS. 1 and
2.

FIG. 1 1s a plan view of a display device according to an
exemplary embodiment, and FIG. 2 1s a cross-sectional view
of the display device of FIG. 1 taken along line II-II.

As shown 1n FIGS. 1 and 2, the display device according,
to an exemplary embodiment includes a substrate 110, a first
clectrode 191 positioned on the substrate 110, and a second
clectrode 270 positioned on the first electrode 191. A pixel
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definition layer 350 1s positioned between the first electrode
191 and the second electrode 270.

In an exemplary embodiment, the substrate 110 may be an
insulating substrate including glass, quartz, ceramic, plastic,
etc., or a metal substrate including stainless steel and the
like. The substrate 110 may be tlexible, stretchable, foldable,
bendable, or rollable. As the Substrate 110 may be flexible,
stretchable, foldable, bendable, or rollable, the display
device may also be ﬂex1ble stretchable foldable bendable,
or rollable.

A bufler layer 120 may be positioned on the substrate 110.
In an exemplary embodiment, the bufler layer 120 may be
provided as a single layer of a silicon nitride (S1Nx) or as a
multilayer in which a silicon nitride (SiNx) and a silicon
oxide (S10x) are stacked, for example. The bufler layer 120
serves to flatten a surface while preventing undesirable
materials such as impurities or moisture from permeating. In
another exemplary embodiment, the bufller layer 120 may be
omitted when necessary. The bufler layer 120 may be
provided to cover an entire upper surface of the substrate
110.

A semiconductor 135 1s positioned on the bufler layer
120. The semiconductor 135 may include a polycrystalline
semiconductor material or an oxide semiconductor material.
In addition, the semiconductor 135 includes a channel 131
in which impurities are not doped, and contact doping
regions 132 and 133 that are positioned at opposite sides of
the channel 131 and in which impurities are doped. The
contact doping regions 132 and 133 include a source region
132 and a drain region 133. The impurities vary depending
on a kind of the thin film transistor (“TEF1”).

A gate insulating layer 140 1s positioned on the semicon-
ductor 135. In an exemplary embodiment, the gate imnsulating
layer 140 may include the inorganic insulating material such
as a silicon nitride (S1Nx) or a silicon oxide (S10x).

A gate electrode 125 1s positioned on the gate insulating
layer 140. In this case, the gate electrode 1235 overlaps at
least a part of the semiconductor 135, and particularly,
overlaps the channel 131. Here, the overlapping means to be
overlapped 1n a vertical direction 1n a cross-sectional view.

An interlayer insulating layer 160 1s positioned on the
gate electrode 125 and the gate insulating layer 140. The
interlayer insulating layer 160 may include the inorganic
insulating material or the organic insulating matenal.

Contact holes 162 and 164 overlapping at least part of the
semiconductor 135 are defined 1n the gate insulating layer
140 and the interlayer mnsulating layer 160. The contact
holes 162 and 164 respectively expose the contact doping
regions 132 and 133 of the semiconductor 135.

A source electrode 173 and a drain electrode 175 are
positioned on the interlayer insulating layer 160. Also, the
source electrode 173 and the drain electrode 175 are con-
nected to the source region 132 and the drain region 133 of
the semiconductor 135 through the contact holes 162 and
164, respectively.

As described above, the semiconductor 135, the gate
electrode 125, the source electrode 173, and the drain
clectrode 175 configure one TF'T. A structure of the TFT 1s
not limited to the aforementioned example, and may be
modified to a variety of disclosed structures that can be
casily implemented by those skilled in the art. The organic
light emitting diode display may include a switching tran-
sistor and a driving transistor, and the alforementioned TEF'T
may be the driving transistor. Although not illustrated, a
switching TFT may be provided.

A passivation layer 180 1s positioned on the TFT and the
interlayer insulating layer 160. The passivation layer 180
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serves to remove and flatten steps, thereby increasing lumi-
nous etliciency of the organic light emitting diode to be
disposed thereon. A contact hole 182 overlapping at least a

part of the drain electrode 175 1s defined 1n the passivation
layer 180.

In an exemplary embodiment, the passivation layer 180
may include at least one of a polyacrylate resin, an epoxy
resin, a phenolic resin, a polyamide resin, a polyimide resin,
an unsaturated polyester resin, a polyphenylene resin, a

polyphenylene sulfide resin, and benzocyclobutene
(“BCB”), for example.

The first electrode 191 1s positioned on the passivation
layer 180. In an exemplary embodiment, the first electrode
191 may include a transparent conductive material such as
indium tin oxide (“ITO”), indium zinc oxide (“I1Z0”), zinc
oxide (ZnO), mdium oxide (In203), etc., or a reflective
metal such as lithhtum (L1), calcium (Ca), lithium fluoride/
calcium (LiF/Ca), lithium fluoride/aluminum (LiF/Al), alu-
minum (Al), silver (Ag), magnesium (Mg), gold (Au), eftc.
The first electrode 191 1s electrically connected to the drain
clectrode 173 of the TFT via the contact hole 182 defined 1n
the passivation layer 180, and becomes the anode of the
organic light emitting diode.

Although not 1illustrated, the first electrode 191 may
include first and second transparent electrodes including a
transparent conductive material, and a semi-transmissive
layer positioned between the first and second transparent
clectrodes to form a microcavity together with the second
clectrode 270. That 1s, the first electrode 191 may be
provided as a multilayer including a layer including the
transparent conductive material and a layer including a
reflective metal material.

The pixel definition layer 350 1s positioned on the passi-
vation layer 180 and the first electrode 191. In an exemplary
embodiment, the pixel defining layer 350 may include a
resin such as a polyacrylate resin and a polyimide resin, or
a silica-based inorganic material, for example. The pixel
definition layer 350 includes a first portion 350q and a
second portion 3505, and a pixel opening 351 1s defined 1n
the pixel defimition layer 350.

The first portion 3504 of the pixel definition layer 350 has
a predetermined thickness and encloses the pixel opening
351. The first portion 350a may be positioned between the
pixel opening 351 and the second portion 35056. In FIG. 1,
a boundary of the first portion 350a and the second portion
3505 of the pixel defimition layer 350 1s indicated by a dotted
line.

The second portion 3506 of the pixel definition layer 350
1s adjacent to the first portion 350a. A thickness {2 of the
second portion 3505 of the pixel definition layer 350 1s less
than a thickness t1 of the first portion 350q. In an exemplary
embodiment, the thickness t1 of the first portion 350q of the
pixel definition layer 350 may be about 1.2 micrometers
(um), and the thickness t2 of the second portion 3505 of the
pixel definition layer 350 may be about 0.3 um, for example.

The pixel opening 351 of the pixel definition layer 350
means an opening region defined 1n the pixel definition layer
350, and may overlap a center of the first electrode 191.
Accordingly, the pixel opening 351 exposes at least part of
the upper surface of the first electrode 191.

An organic emission layer 370 1s positioned on the first
clectrode 191. The organic emission layer 370 may include
at least one of an emission layer, a hole-injection layer
(“HIL”), a hole-transporting layer (“HTL”), an electron-

transporting layer (“ETL”"), and an electron-injection layer
(GGEILE?).
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The organic emission layer 370 may include a red organic
emission layer 370R emitting red light, a green organic
emission layer 370G emitting green light, and a blue organic
emission layer 370B emitting blue light. The organic emis-
sion layer 370 may be made with an approximate diamond
shape and may be disposed as a pentile type. In an exem-
plary embodiment, the red organic emission layer 370R and
the green organic emission layer 370G may be alternately
disposed 1n a diagonal direction, and the blue organic
emission layer 370B and the green organic emission layer
370G may be alternately disposed in the diagonal direction,
for example. The red organic emission layer 370R, the green
organic emission layer 370G, and the blue organic emission
layer 370B are positioned at different pixels from one
another, thereby realizing a color image by combinations
thereof.

In an alternative exemplary embodiment, the organic
emission layer 370 may have a structure in which the red
organic emission layer 370R, the green organic emission
layer 370G, and the blue organic emission layer 3708 are
respectively stacked on corresponding pixels. In this case, a
color image may be implemented by forming a red filter, a
green filter, or a blue filter for each pixel. In another
exemplary embodiment, by forming a white organic emis-
sion layer for emitting white light at each pixel and by
forming a red filter, a green filter, and a blue filter for each
pixel, 1t 1s possible to implement a color image. When the
color 1image 1s implemented by using the white organic
emission layer and the color filter, a deposition mask for
respectively depositing the red organic emission layer 370R,
the green organic emission layer 370G, and the blue organic
emission layer 370B on each corresponding pixel, that 1s, on
the red pixel, the green pixel, and the blue pixel, 1s not
desired.

The white organic emission layer described in another
example may be provided as a single organic emission layer,
and may be provided as a plurality of organic emission
layers stacked so that the white light may be emitted. In an
exemplary embodiment, a structure for emitting white light
by combining at least one yellow organic emission layer
with at least one blue organic emission layer 370B, a
structure for emitting white light by combining at least one
cyan organic emission layer with at least one red organic
emission layer 370R, and a structure for emitting white light
by combining at least one magenta organic emission layer
with at least one green organic emission layer 370G may be
included, for example.

The second electrode 270 1s positioned on the organic
emission layer 370 and the pixel definition layer 350. In an
exemplary embodiment, the second electrode 270 may
include a transparent conductive material such as ITO, 120,
zinc oxide (ZnO), indium oxide (In203), etc., or a reflective
metal such as lithium (L1), calcium (Ca), lithium fluoride/
calcium (LiF/Ca), lithium fluoride/aluminum (LiF/Al), alu-
minum (Al), silver (Ag), magnesium (Mg), gold (Au), eftc.
The second electrode 270 serves as a cathode of the organic
light emitting diode, for example.

The first electrode 191 includes a first portion 191a
overlapping the first portion 350aq of the pixel definition
layer 350, a second portion 1915 overlapping the second
portion 3505 of the pixel definition layer 350, and a third
portion 191c¢ overlapping the pixel opening 351 of the pixel
definition layer 350. In this case, the overlapping means to
be overlapped in the vertical direction in the cross-sectional
VIEW.

The second electrode 270 includes a first portion 270a
overlapping the first portion 350aq of the pixel definition
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layer 350, a second portion 2705 overlapping the second
portion 3505 of the pixel definition layer 350, and a third
portion 270c overlapping the pixel opening 351 of the pixel
definition layer 350.

Accordingly, the first electrode 191 and the second elec-
trode 270 overlap the first portion 350a, the second portion
3505, and the pixel opening 351 of the pixel definition layer
350.

The third portion 191c¢ of the first electrode 191 and the
third portion 270c¢ of the second electrode 270 positioned in
the pixel opening 351 are 1n contact with the organic
emission layer 370. The third portion 191¢ of the first
clectrode 191 may 1n contact with the lower surface of the
organic emission layer 370, and the third portion 270c¢ of the
second electrode 270 may be in contact with the upper
surface of the organic emission layer 370. The third portion
191c¢ of the first electrode 191 and the second electrode 270
form the organic light emitting diode OLED along with the
organic emission layer 370. The organic light emitting diode
OLED positioned 1n the pixel opeming 351 emuits the light
when the TFT i1s in the on-state, and the pixel opening 351
defines the emission region.

The first portion 350a of the pixel definition layer 350 1s
positioned between the first portion 191a of the first elec-
trode 191 and the first portion 270a of the second electrode
270. The organic emission layer 370 may be further posi-
tioned between the first portion 270a of the second electrode
270 and the first portion 350q of the pixel definition layer
350.

The second portion 35056 of the pixel definition layer 350
1s positioned between the second portion 19156 of the first
clectrode 191 and the second portion 2705 of the second
clectrode 270. The organic emission layer 370 may be
turther positioned between the second portion 2705 of the
second electrode 270 and the second portion 35056 of the
pixel defimition layer 350. That 1s, the second portion 3505
of the pixel definition layer 350 overlaps the organic emis-
sion layer 370.

Since the thickness 12 of the second portion 35056 of the
pixel definition layer 350 1s less than the thickness t1 of the
first portion 350a of the pixel definition layer 350, a distance
between the second portion 1915 of the first electrode 191
and the second portion 2706 of the second electrode 270 1s
less than a distance between the first portion 191a of the first
clectrode 191 and the first portion 270a of the second
clectrode 270. That 1s, the distance between the first portion
191a of the first electrode 191 and the first portion 270a of
the second electrode 270 1s greater than the distance of the
second portion 1915 of the first electrode 191 and the second
portion 27056 of the second electrode 270.

In general, the thickness of the pixel definition layer 350
may be made to be substantially constant. A predetermined
thickness difference may be generated between the portion
of the pixel definition layer 350 overlapping the first elec-
trode 191 and the portion of the pixel definition layer 350
that does not overlap the first electrode 191. In an exemplary
embodiment, the difference in the thickness of the first
clectrode 191 may be generated, for example. In the 1llus-
trated exemplary embodiment, the difference between the
thickness of the first portion 350a of the pixel definition
layer 350 and the thickness of the second portion 35056 may
be larger than the thickness of the first electrode 191.

Also, the first electrode 191 does not substantially overlap
the pixel definition layer 350 except for the pixel opening
351. Most of the first electrode 191 1s positioned 1n the pixel
opening 351, and only a part of the edge region of the first
clectrode 191 overlaps the pixel defimition layer 350. In the
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illustrated exemplary embodiment, the first electrode 191 1s
positioned 1n the pixel opening 351 and also overlaps most
of the pixel definition layer 350 except for the pixel opening
351. The first electrode 191 overlaps the first portion 350q
of the pixel definition layer 350 adjacent to the pixel opening
351 and also overlaps the second portion 3505 of the pixel
definition layer 350.

As the second portion 35056 of the pixel definition layer
350 having the smaller thickness than the thickness t1 of the
first portion 350qa of the pixel definition layer 350 overlaps
the first electrode 191 and the second electrode 270, the
current density may decrease and the driving voltage may
decrease by additionally obtaining the capacitance, thereby
improving reliability of the element. That 1s, 1n the 1llus-
trated exemplary embodiment, the area of the first electrode
191 positioned under the pixel definition layer 350 increases
and the thickness of the pixel definition layer 350 positioned
between the first electrode 191 and the second electrode 270
decreases, thereby additionally obtaining the capacitance.

It 1s preferable that the thickness t1 of the first portion
350a of the pixel definition layer 3350 i1s more than a
predetermined thickness. When the thickness of the first
portion 350q decreases to the thickness level of the second
portion 3350b, the capacitance may further increase, but
boundaries between the plurality of pixels become unclear.
In an exemplary embodiment, when the first portion 3504 1s
less than the predetermined thickness, the green organic
emission layer 370G or the blue organic emission layer
370B may penetrate in the pixel opening 351 in which the
red organic emission layer 370R 1s disposed, for example.
Accordingly, as the thickness t1 of the first portion 350aq
positioned between the pixel opening 351 and the second
portion 3505 1s greater than the thickness 12 of the second
portion 3505, color mixture between the adjacent pixels may
be prevented.

The distance between the third portion 191¢ of the first
clectrode 191 and the third portion 270c¢ of the second
clectrode 270 1s smaller than the distance between the first
portion 191a of the first electrode 191 and the first portion
270a of the second electrode 270. Also, the distance between
the third portion 191¢ of the first electrode 191 and the third
portion 270c¢ of the second electrode 270 1s smaller than the
distance between the second portion 1915 of the first elec-
trode 191 and the second portion 27056 of the second
clectrode 270.

The first portion 191a of the first electrode 191 and the
first portion 270a of the second electrode 270 overlapping
the first portion 350q of the pixel definition layer 350 are not
in contact with the organic emission layer 370. The second
portion 1915 of the first electrode 191 and the second portion
2700 of the second electrode 270 overlapping the second
portion 3506 of the pixel definition layer 350 are not in
contact with the organic emission layer 370. Accordingly,
the portion overlapping the first portion 350a and the second
portion 3505 of the pixel definition layer 350 does not emit
the light.

Next, the manufacturing method of the display device
according to the illustrated exemplary embodiment will be
described with reference to FIGS. 3 and 4.

Particularly, the method of forming the pixel definition
layer of the display device according to the illustrated
exemplary embodiment will be described.

FIGS. 3 and 4 are process cross-sectional views showing,
a manufacturing method of a display device according to an
exemplary embodiment.

As shown i FIG. 3, a semiconductor 1335, a gate electrode
125, a source electrode 173, and a drain electrode 175 are
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sequentially disposed on a substrate 110 to form a TFT. A
passivation layer 180 1s disposed on the TFT1, and the
passivation layer 180 is patterned to define a contact hole
182 exposing at least part of the drain electrode 175. A first
clectrode 191 connected with the drain electrode 175 1is
disposed on the passivation layer 180.

An organic material layer 500 1s disposed on the passi-
vation layer 180 and the first electrode 191. A mask 600 1s
aligned on the organic material layer 500 and an exposure
process 1s performed. In this case, the mask 600 may be a slit
mask or a half-tone mask. The mask 600 includes a non-
transmissive region NR blocking most of light, a hali-
transmissive region HR blocking some of light and allowing,
the remaining light to be transmitted therethrough, and a
transmissive region TR allowing most of light to be trans-
mitted therethrough. When the mask 600 1s a slit mask, the
half-transmissive region HR may be provided to have a slit
shape.

A portion of the organic maternal layer 500 corresponding
to the non-transmissive region NR of the mask 600 i1s not
substantially exposed to light, a portion of the organic
material layer 500 corresponding to the half-transmissive
region HR of the mask 600 1s exposed to some of light, and
a portion of the organic material layer 500 corresponding to
the transmissive region TR of the mask 600 1s exposed to
most of light.

As shown 1n FIG. 4, the organic material layer 500 1s
patterned to form a pixel definition layer 350 including a first
portion 350q and a second portion 3505 having different
thicknesses. The first electrode 191 1s exposed by the portion
where the organic material layer 500 1s removed and the
portion defines the pixel opeming 351 of the pixel definition
layer 350.

Next, an organic emission layer 370 and a second elec-
trode 270 are sequentially disposed on the first electrode 191
to complete the display device according to the exemplary
embodiment shown 1 FIG. 2.

Next, the display device according to an exemplary
embodiment will be described with reference to FIGS. 5 and
6.

The display device according to the exemplary embodi-
ment shown 1 FIGS. 5 and 6 1s substantially the same as the
display device according to an exemplary embodiment
shown 1 FIGS. 1 and 2 such that the description thereof 1s
omitted. In the illustrated exemplary embodiment, a plane
shape of the first electrode and the organic emission layer 1n
a plan view 1s different from the previous exemplary
embodiment, and this 1s described 1n detail.

FIG. 5 1s a plan view of a display device according to an
exemplary embodiment, and FIG. 6 1s a cross-sectional view
of the display device of FIG. 5 taken along line VI-VI.

Like the previous exemplary embodiment, the display
device according to an exemplary embodiment includes a
first electrode 191, a second electrode 270 positioned on the
first electrode 191, and a pixel definition layer 350 posi-
tioned between the first electrode 191 and the second
clectrode 270.

In the previous exemplary embodiment, the first electrode
191 1s made as a polygon having ten or more sides 1n a plan
view, but the first electrode 191 may have a shape similar to
a rectangle 1n the 1llustrated exemplary embodiment. That is,
in the illustrated exemplary embodiment, the shape of the
first electrode 191 1s simpler than the shape of the first
clectrode 191 1n the previous exemplary embodiment, and a
s1ze thereol 1s further increased.

In the previous exemplary embodiment, the organic emis-
sion layer 370 1s provided with the diamond shape 1n a plan
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view, but the organic emission layer 370 1s provided as a
rectangle 1n a plan view 1n the 1llustrated exemplary embodi-
ment.

The shape of the first electrode 191 and the organic
emission layer 370 i1s not limited thereto and may be
variously changed. In an exemplary embodiment, the first
clectrode 191 and the organic emission layer 370 may be
provided as the polygon having a plurality of sides, and
some sides may be replaced with a curved line, for example.

In the display device according to an exemplary embodi-
ment, the pixels are disposed as the pentile type in which
capacitance of the red pixel and the blue pixel 1s desired, but
additional capacitance may not be desired 1n the green pixel.
Accordingly, the area expansion of the first electrode 191 1s
desired 1n the red pixel and the blue pixel, and the first
clectrode 191 may overlap the pixel definition layer 350
except for the pixel opening 351 like a general structure 1n
the green pixel. Also, a thickness reduction of the partial
region of the pixel definition layer may be desired 1n the red
pixel and the blue pixel, and the thickness of the pixel
definition layer may be provided to be constant in the green
pixel.

Next, the display device according to an exemplary
embodiment will be described with reference to FIGS. 7 and
8.

The display device according to the exemplary embodi-
ment shown 1 FIGS. 7 and 8 1s substantially the same as the
display device according to an exemplary embodiment
shown 1 FIGS. 1 and 2 such that the description thereof 1s
omitted. In the illustrated exemplary embodiment, a point
that the organic emission layer does not overlap the first
portion and the second portion of the pixel definition layer
1s diflerent from the previous exemplary embodiment, and
this 1s described 1n detail.

FIG. 7 1s a plan view of a display device according to an
exemplary embodiment, and FIG. 8 1s a cross-sectional view
of the display device of FIG. 7 taken along line VIII-VIII.

As shown 1n FIGS. 7 and 8, the display device according
to an exemplary embodiment includes the substrate 110, the
first electrode 191 positioned on the substrate 110, and the
second electrode 270 positioned on the first electrode 191.
The pixel definition layer 350 1s positioned between the first
clectrode 191 and the second electrode 270.

In the previous exemplary embodiment, the organic emis-
sion layer 370 overlaps the first portion 350qa, the second
portion 3506, and the pixel opening 351 of the pixel defi-
nition layer 350, but the organic emission layer 370 overlaps
the pixel opeming 351 of the pixel definition layer 350 1n the
illustrated exemplary embodiment. In the illustrated exem-
plary embodiment, the organic emission layer 370 does not
overlap the first portion 350a and the second portion 3505 of
the pixel definition layer 350. That 1s, the organic emission
layer 370 1s only positioned 1n the pixel opening 351 of the
pixel definition layer 350.

Even when the organic emission layer 370 does not
overlap the second portion 3505 of the pixel definition layer
350, the capacitance 1s generated between the second portion
1915 of the first electrode 191 and the second portion 2705
of the second electrode 270. Accordingly, 1n the 1llustrated
exemplary embodiment, as the first electrode 191 and the
second electrode 270 overlap via the second portion 35056 of
the organic emission layer 370, the capacitance may be
additionally secured, thereby improving the reliability of the
clement.

Next, the display device according to an exemplary
embodiment will be described with reference to FIGS. 9 and

10.
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The display device according to the exemplary embodi-
ment shown 1n FIGS. 9 and 10 1s substantially the same as
the display device according to an exemplary embodiment
shown 1n FIGS. 1 and 2 such that the description thereof 1s
omitted. In the illustrated exemplary embodiment, a point
that the thickness of the pixel defimition layer 1s changed 1s
different from the previous exemplary embodiment, and this
1s described 1n detail.

FIGS. 9 and 10 are cross-sectional views of a display
device according to an exemplary embodiment.

As shown 1 FIG. 9, the second portion 3505 of the pixel
definition layer 350 of the display device according to the
illustrated exemplary embodiment may be less than the
second portion 3505 of the pixel definition layer 350 of the

display device according to the exemplary embodiment

shown 1n FIGS. 1 and 2.

As shown in FIG. 10, the second portion 3505 of the pixel
definition layer 350 of the display device according to the
illustrated exemplary embodiment may be greater than the
second portion 3505 of the pixel defimition layer 350 of the
display device according to the exemplary embodiment
shown 1n FIGS. 1 and 2.

In this way, the thickness of the second portion 3505 of
the pixel definition layer 350 may be changed within a
predetermined range. When the second portion 3505 of the
pixel definition layer 350 1s very thin, the first electrode 191
and the organic emission layer 370 may be 1n contact or the
first electrode 191 and the second electrode 270 may be
shorted. Accordingly, 1t 1s preferable that the second portion
3506 of the pixel definition layer 350 includes the prede-
termined thickness or more. When the second portion 3505
of the pixel definition layer 350 1s very thick, the capacitance
may be hardly provided between the first electrode 191 and
the second electrode 270. Accordingly, 1t 1s preferable that
the second portion 3506 of the pixel definition layer 3350
includes the predetermined thickness or less.

As the second portion 3505 of the pixel definition layer
350 becomes thinner, the capacitance can be further secured.
Also, as the area of the second portion 1915 of the first
clectrode 191 overlapping the second portion 3506 of the
pixel definition layer 350 1s expanded, the capacitance can
be further secured.

Next, the display device according to an exemplary
embodiment will be described with reference to FIGS. 11
and 12.

The display device according to the exemplary embodi-
ment shown 1 FIGS. 11 and 12 1s substantially the same as
the display device according to an exemplary embodiment
shown 1 FIGS. 1 and 2 such that the description thereof 1s
omitted. In the illustrated exemplary embodiment, a point
that the first portion 350q of the pixel definition layer 350 1s
turther positioned between the plurality of second portions
3506 adjacent to each other i1s different from the previous
exemplary embodiment, and this 1s described 1n detail.

FIG. 11 1s a plan view of a display device according to an
exemplary embodiment, and FIG. 12 1s a cross-sectional
view ol the display device of FIG. 11 taken along line
XII-X1I.

The first portion 350a of the pixel definition layer 350 1s
positioned between the pixel opeming 351 and the second
portion 3505 1n the previous exemplary embodiment, but the
first portion 350a of the pixel definition layer 350 1s posi-
tioned between the pixel opening 351 and the second portion
3500 and between the plurality of second portions 3505
adjacent to each other in the 1illustrated exemplary embodi-
ment.
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The organic emission layer 370 may overlap the second
portion 3506 of the pixel definition layer 350. Although the
organic emission layers 370 adjacent to each other are
designed to be overlapped with each other, the organic
emission layers 370 adjacent to each other may be over-
lapped with each other i1n the process. In an exemplary
embodiment, the red organic emission layer 370R and the
blue organic emission layer 370B may be overlapped with
cach other, and when the overlapping part 1s positioned 1n
the pixel opening 351, the color mixing phenomenon may be
generated, for example. In the illustrated exemplary embodi-
ment, as the first portion 350q 1s further disposed between
the plurality of second portlons 3506 adjacent to each other,
the adjacent organic emission layers 370 may be provided
not to be overlapped with each other, thereby preventing the
color mixing phenomenon.

Next, the display device according to an exemplary

embodiment will be described with reference to FIGS. 13 to
17.

The display device according to the exemplary embodi-
ment shown 1 FIGS. 13 to 17 1s substantially the same as
the display device according to an exemplary embodiment
shown 1 FIGS. 1 and 2 such that the description thereof 1s
omitted. In the illustrated exemplary embodiment, a point
that seven transistors are included in one pixel 1s different
from the previous exemplary embodiment, and this 1is
described 1n detail. However, a number of transistor sand
capacitors included 1n one pixel may be variously changed,
and an arrangement shape of the transistor sand the capaci-
tors may be variously changed.

FIG. 13 1s an equivalent circuit diagram of one pixel of a
display device according to an exemplary embodiment, FIG.
14 1s a schematic plan view of a transistor and a capacitor of
a red pixel, a green pixel, and a blue pixel of a display device
according to an exemplary embodiment, and FIG. 15 1s a
detailed plan view of one pixel of FIG. 14. FIG. 16 15 a
cross-sectional view of the display device of FIG. 15 taken

along line XVI-XVI, and FIG. 17 1s a cross-sectional view
of the display device of FIG. 15 taken along lines XVII-

XVII and XVII'-XVII'.

As shown 1n FIG. 13, the organic light emitting diode
display according to an exemplary embodiment includes a
plurality of signal lines 151, 152, 153, 158, 171, 172, and
192, and a plurality of pixels PX connected to the plurality
of signal lines and arranged as a substantially matrix type.

Each pixel PX includes a plurality of transistors 11, T2,
13, T4, TS, T6, and T7 respectively connected to the
plurality of signal lines 151, 152, 153, 158, 171, 172, and
192, a storage capacitor Cst, and an organic light emitting
diode OLED.

The transistors T1, 12, T3, T4, TS5, T6, and T7 include a
driving transistor T1, a switching transistor T2, a compen-
sation transistor T3, an 1nitialization transistor T4, an opera-
tion control transistor 15, a light emission control transistor
16, and a bypass transistor 17.

The signal lines 151, 152, 153, 158, 171, 172, and 192
include a scan line 151 transferring a scan signal Sn, a
previous scan line 152 transferring a previous scan signal
S(n—1) to the inmitialization transistor T4, a light emission
control line 153 transferring a light emission control signal
EM to the operation control transistor 15 and the light
emission control transistor 16, a bypass control line 158
transierring a bypass signal BP to the bypass transistor T7,
a data line 171 crossing the scan line 151 and transferring a
data signal Dm, a driving voltage line 172 transferring a
driving voltage ELVDD and provided to be substantially
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parallel with the data line 171, and an 1nitialization voltage
line 192 transierring an initialization voltage Vint 1nitializ-
ing the driving transistor T1.

A gate electrode G1 of the dniving transistor T1 1s
connected to one end Cstl of the storage capacitor Cst, a
source electrode S1 of the driving transistor T1 1s connected
with the drniving voltage line 172 via the operation control
transistor 15, and a drain electrode D1 of the dnving
transistor T1 1s electrically connected with an anode of the
organic light emitting diode OLED wvia the emission control
transistor 16. The driving transistor T1 receives the data
signal Dm according to a switching operation of the switch-

ing transistor T2 to supply a driving current I , to the organic
light emitting diode OLED. An OLED current I ,_ , flowing

into the organic light emitting diode OLED may be derived
by subtracting a bypass current I, , tlowing into the source
clectrode S7 of the bypass transistor 17 from the driving
current | ,.

A gate electrode G2 of the switching transistor T2 1s
connected with the scan line 121, a source electrode S2 of
the switching transistor T2 i1s connected with the data line
171, and a drain electrode D2 of the switching transistor 12
1s connected with the source electrode S1 of the drniving
transistor T1 and connected with the driving voltage line 172
via the operation control transistor T5. The switching tran-
sistor T2 1s turned on according to the scan signal Sn
received through the scan line 121 to perform a switching
operation transferring the data signal Dm transferred to the
data line 171 to the source electrode S1 of the drniving
transistor T1.

A gate electrode G3 of the compensation transistor T3 1s
directly connected with the scan line 121, a source electrode
S3 of the compensation transistor 13 1s connected to the
drain electrode D1 of the driving transistor T1 and connected
with an anode of the organic light emitting diode OLED wvia
the emission control transistor T6, and a drain electrode D3
of the compensation transistor 13 1s connected with one end
Cstl of the storage capacitor Cst and the drain electrode D4
of the mitialization transistor T4 together with the gate
clectrode G1 of the driving transistor T1. The compensation
transistor T3 1s turned on according to the scan signal Sn
received through the scan line 121 to connect the gate
clectrode G1 and the drain electrode D1 of the driving
transistor T1, thereby diode-connecting the driving transis-
tor 11.

A gate electrode G4 of the imitialization transistor T4 1s
connected with a previous scan line 152, a source electrode
S4 of the mitialization transistor T4 1s connected with the
initialization voltage line 192, and a drain electrode D4 of
the 1mitialization transistor T4 1s connected with one end
Cstl of the storage capacitor Cst, the drain electrode D3 of
the compensation transistor T3, and the gate electrode G1 of
the driving transistor T1. The 1mtlahzat10n transistor 14 1s
turned on according to the previous scan signal S(n-1)
received through the previous scan line 152 to transfer the
initialization voltage Vint to the gate electrode G1 of the
driving transistor 11, and then perform an imtialization
operation of 1mtializing a voltage of the gate electrode G1 of
the driving transistor T1.

A gate electrode G5 of the operation control transistor TS
1s connected with the light emission control line 133, a
source electrode S5 of the operation control transistor T5 1s
connected with the dniving voltage line 172, and a drain
clectrode D3 of the operation control transistor T5 1s con-
nected with the source electrode S1 of the driving transistor
T1 and the drain electrode D2 of the switching transistor 12.
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A gate electrode G6 of the emission control transistor T6
1s connected with the light emission control line 153, a
source electrode S6 of the emission control transistor T6 1s
connected with the drain electrode D1 of the driving tran-
sistor T1 and the source electrode S3 of the compensation
transistor T3, and a drain electrode D6 of the emission
control transistor T6 1s electrically connected with an anode
of the organic light emitting diode OLED. The operation
control transistor TS and the first emission control transistor
16 are simultaneously turned on according to the emission
control signal EM transmitted to the light emission control
line 153 such that the driving voltage ELVDD 1s compen-
sated through the diode-connected driving transistor T1 and
1s transmitted to the organic light emitting diode OLED.

A gate electrode G7 of the thin film bypass transistor T7
1s connected to the bypass control line 158, a source elec-
trode S7 of the bypass transistor T7 1s connected to the drain
clectrode D6 of the light emission control transistor T6 and
the anode of the organic light emitting diode OLED together,
and a drain electrode D7 of the bypass transistor T7 1is
connected to the mitialization voltage line 192 and the
source electrode S4 of the imitialization transistor T4. In this
case, the previous scan line 152 1s connected to the scan line
151 transmitting the scan signal Sn 1n the previous pixel (not
shown), and the bypass control line 158 corresponds to the
previous scan line 152 such that the bypass signal BP 1s the
same as the previous scan signal S(n-1).

The other end Cst2 of the storage capacitor Cst 1s con-
nected with the driving voltage line 172, and a cathode of the
organic light emitting diode OLED 1s connected with a
common voltage line 741 transferring a common voltage
ELVSS.

As shown 1n FIGS. 14 and 15, the display device accord-
ing to an exemplary embodiment includes a gate metal line
151, 152, 153, and 158 including a scan line 151, a previous
scan line 152, a light emission control line 153, and a bypass
control line 158 respectively applying a scan signal Sn, a
previous scan signal S(n-1), a light emission control signal
EM, and a bypass signal BP, and provided in the row
direction. In the exemplary embodiment, the bypass control
line 158 1s substantially the same as the previous scan line
152.

Also, a data metal line 171 and 172 includes a data line
171 and a driving voltage line 172 crossing the scan line 151,
the previous scan line 152, the light emission control line
153, and the bypass control line 158 and respectively
applying a data signal Dm and a driving voltage ELVDD to
the pixel PX. The mitialization voltage Vint is transmitted
from the nitialization voltage line 192 to the compensation
transistor 13 through the initialization transistor T4. The
initialization voltage line 192 is provided while alternately
having a straight portion 192a and an oblique portion 19254.
The straight portion 192a 1s disposed to be parallel to the
scan line 121, and the oblique portion 19256 extends at a
predetermined angle with the straight portion 192a.

Also, the pixel PX is provided with the driving transistor
11, the switching transistor 12, the compensation transistor
T3, the mitialization transistor T4, the operation control
transistor 15, the light emission control transistor T6, the
bypass transistor 17, the storage capacitor Cst, and the
organic light emitting diode OLED. The pixel PX shown 1n
FIGS. 13 and 14 may correspond to the red pixel R, the
green pixel G, and the blue pixel B forming the pentile
matrix structure.

The organic light emitting diode OLED 1includes the first
clectrode 191, the organic emission layer 370, and the
second electrode 270. In this case, the compensation tran-
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sistor T3 and the mitialization transistor T4 may be provided
as a transistor having a dual gate structure to cut oil a
leakage current.

Each channel of the driving transistor T1, the switching,
transistor 12, the compensation transistor T3, the mitializa-
tion transistor T4, the operation control transistor 15, the
light emission control transistor T6, and the bypass transistor
17 1s provided inside one connected semiconductor 130
which may be bent 1n various shapes. In an exemplary
embodiment, the semiconductor 130 may include polysili-
con or an oxide semiconductor, for example.

The semiconductor 130 includes a channel which 1s doped
with an N-type impurity or a P-type impurity, and a source
doping part and a drain doping part which are provided at
respective sides of the channel and doped with an opposite-
type doping impurity to the doping impurity doped on the
channel. In the exemplary embodiment, the source doping
region and the drain doping region correspond to the source
clectrode and the drain electrode, respectively. The source
clectrode and the drain electrode provided 1n the semicon-
ductor 130 may be provided by doping only the correspond-
ing regions. Further, in the semiconductor 130, a region
between source electrodes and drain electrodes of diflerent
transistors 1s doped, and thus the source electrode and the
drain electrode may be electrically connected to each other.

As 1llustrated 1n FIG. 15, the channel 131 includes a
driving channel 131a provided in the drive transistor T1, a
switching channel 1315 provided 1n the switching transistor
12, a compensation channel 131¢ provided in the compen-
sation transistor 13, an iitialization channel 1314 provided
in the mitialization transistor T4, an operation control chan-
nel 131e provided in the operation control transistor T3, a
light emission control channel 131f provided 1n the light
emission control transistor T6, and a bypass channel 131g
provided in the bypass transistor T7.

The driving transistor T1 includes the driving channel
131a, a driving gate electrode 155a, a driving source e¢lec-
trode 136a, and a driving drain electrode 137a. The driving
channel 131a may be curved, and may have a meandering
shape or a zigzag shape. As such, by forming the curved
driving channel 131a, the drniving channel 131a may be
provided to be elengated in a narrow space. Accordingly, a
driving range of the driving gate-source voltage between the
driving gate electrode 155a and the driving source electrode
136a 1s increased by the elongated driving channel 131a.
Since the driving range of the gate voltage i1s increased, a
grayscale of light emitted from the organic light emitting
diode OLED may be finely controlled by changing the
magnitude of the gate voltage, and as a result, the resolution
of the organic light emitting diode display device may be
enhanced and display quality may be improved. Various
examples such as ‘reverse S’°, ‘S’, ‘M’, and ‘W’ may be
implemented by variously moditying the shape of the driv-
ing channel 131a.

The driving gate electrode 155a overlaps with the driving,
channel 131qa, and the driving source electrode 1364 and the
driving drain electrode 137a are provided at respective sides
of the driving channel 131a to be close. The driving gate
clectrode 155a 1s connected to a driving connecting member
174 through a driving contact hole 61. The driving gate
clectrode 155a corresponds to the gate metal line, and the
driving connecting member 174 corresponds to the data
metal line.

The switching transistor T2 includes the switching chan-
nel 1315, a switching gate electrode 1555, a switchuing
source electrode 1365, and a switching drain electrode 1375.
The switching gate electrode 1555 which 1s part of the
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portion extending downward from the scan line 151 overlaps
the switching channel 1315, and the switching source elec-
trode 1365 and the switching drain electrode 137b are
provided at respective sides of the switching channel 1315,
while being adjacent to each other. The switching source
clectrode 1365 1s connected to the data line 171 through a
switching contact hole 62.

The compensation transistor T3 includes the compensa-
tion channel 131c¢, a compensation gate electrode 155¢, a
compensation source electrode 136¢, and a compensation
drain electrode 137¢. The compensation gate electrode 1355¢
that 1s a part of the scan line 151 1s provided as two to
prevent a leakage current, and overlaps the compensation
channel 131¢. The compensation source electrode 136¢ and
the compensation drain electrode 137¢ are provided to be
adjacent to respective sides of the compensation channel
131c. The compensation drain electrode 137¢ 1s connected
to the drniving connecting member 174 through a compen-
sation contact hole 63.

The mitialization transistor T4 includes the initialization
channel 131d, an mitialization gate electrode 1554, an
initialization source electrode 136d, and an initialization
drain electrode 137d. The mitialization gate electrode 1554
that 1s a part of the previous scan line 152 1s provided as two
to prevent the leakage current, and overlaps the mitialization
channel 131d. The 1nitialization source electrode 1364 and
the mitialization drain electrode 137d are provided to be

adjacent to respective sides of the imitialization channel
1314d. The mitialization source electrode 1364 1s connected
to an 1mtialization connecting member 177 through an
initialization contact hole 64.

The operation control transistor T5 includes the operation
control channel 131e, an operation control gate electrode
155¢, an operation control source electrode 136e, and an
operation control drain electrode 137e. The operation con-
trol gate electrode 1535¢ that 1s a part of the light emission
control line 153 overlaps the operation control channel 131e,
and the operation control source electrode 136¢ and the
operation control drain electrode 137¢ are provided to be
adjacent to respective sides of the operation control channel
131e. The operation control source electrode 136¢ 1s con-
nected to a part of the driving voltage line 172 through an
operation control contact hole 65.

The light emission control transistor T6 includes the light
emission control channel 131/, a light emission control gate
clectrode 155/, a light emission control source electrode
136/, and a light emission control drain electrode 137f. The
light emission control gate electrode 1357 that 1s a part of the
light emission control line 153 overlaps the light emission
control channel 131/, and the light emission control source
clectrode 136/ and the light emission control drain electrode
137/ are provided to be adjacent to respective sides of the
light emission control channel 131/ The light emission
control drain electrode 1377 1s connected to a pixel connect-
ing member 179 through a light emission control contact
hole 66.

The bypass transistor T7 includes the bypass channel
1312, a bypass gate electrode 155¢g, a bypass source elec-
trode 136g, and a bypass drain electrode 137¢g. The bypass
gate electrode 155¢g that 1s a part of the bypass control line
158 overlaps the bypass channel 131g, and the bypass source
clectrode 136g and the bypass drain electrode 137g are
provided to be adjacent to respective sides of the bypass
channel 131g.

The bypass source electrode 136¢ 1s connected directly to
the light emission control drain electrode 137/, and the
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bypass drain electrode 137g 1s connected directly to the
initialization source electrode 1364.

One end of the dnving channel 131a of the driving
transistor 11 1s connected to the switching drain electrode
1376 and the operation control drain electrode 137e, and the
other end of the driving channel 131a 1s connected to the
compensation source electrode 136¢ and the light emission
control source electrode 136f.

The storage capacitor Cst includes a first storage electrode
155a and a second storage electrode 156 via a second gate
insulating layer 142 interposed therebetween. The first stor-
age electrode 155a corresponds to the driving gate electrode
155a, and the second storage electrode 156 as the portion
extended from a storage line 157 has the wider area than the
driving gate electrode 155 and covers the entire driving
gate electrode 153a.

Here, the second gate insulating layer 142 includes a
dielectric material, and storage capacitance 1s determined by

a charge charged 1n the storage capacitor Cst and a voltage
between both electrodes 155a and 156. As such, the driving
gate electrode 155a 1s used as the first storage electrode
155a, and thus a space in which the storage capacitor may
be provided may be secured 1n a space that 1s narrowed due
to the driving channel 131a occupying a large area within
the pixel.

The first storage electrode 1554 which 1s the driving gate
clectrode 1554 1s connected to one end of the driving
connecting member 174 through the driving contact hole 61
and a storage opening 51. The storage opening 51 1s an
opening which 1s provided 1n the second storage electrode
156. Accordingly, the driving contact hole 61 to connect one
end of the driving connecting member 174 and the drniving
gate electrode 1554 15 provided inside the storage opening
51. The driving connecting member 174 1s provided with the
same layer as the data line 171 to be substantially parallel
therewith, and the other end of the driving connecting
member 174 1s connected to the compensation drain elec-
trode 137¢ of the compensation transistor T3 and the 1ni-
tialization drain electrode 1374 of the initialization transistor
T4 through the compensation contact hole 63. Accordingly,
the driving connecting member 174 connects the dniving
gate electrode 155a and the compensation drain electrode
1377 ¢ of the compensation transistor T3 and the mnitialization
drain electrode 137d of the imitialization transistor T4 to
cach other.

The second storage electrode 156 1s connected to the
driving voltage line 172 through a contact hole 69.

Accordingly, the storage capacitor Cst stores storage
capacitance corresponding to a difference between the driv-
ing voltage ELVDD transmitted to the second storage elec-
trode 156 through the driving voltage line 172 and the gate
voltage Vg of the drniving gate electrode 155a.

The pixel connecting member 179 1s connected to the
pixel electrode 191 through a contact hole 81, and the
initialization connecting member 177 1s connected to the
initialization voltage line 192 through a contact hole 82.

Hereinatter, the cross-sectional structures of the display
device according to an exemplary embodiment will be
described 1n detaill according to a stacking order with
reterence to FIGS. 16 and 17.

In this case, since the stacked structures of the operation
control transistor 15 1s substantially the same as that of the
light emission control transistor T6, a detailed description
thereol will be omuitted.

A bufler layer 120 may be disposed on an insulating
substrate 110.
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A semiconductor 130 including a channel 131 including a
driving channel 131a, a switching channel 1315, a compen-
sation channel 131¢, an initialization channel 1314, an
operation control channel 131e, a light emission control
channel 131/, and a bypass channel 131¢g 1s disposed on the
bufler layer 120. A driving source electrode 1364 and a
driving drain electrode 137a are disposed on respective sides
of the driving channel 131¢a 1n the semiconductor 130, and
a switching source electrode 1366 and a switching drain
clectrode 137b are disposed on respective sides of the
switching channel 13156. The compensation source electrode
136¢ and the compensation drain electrode 137¢ are pro-
vided at both sides of the compensation channel 131¢, and
the mnitialization source electrode 1364 and the mnitialization
drain electrode 137d are provided at both sides of the
initialization channel 131d. The operation control source
clectrode 136¢ and the operation control drain electrode
137¢ are provided at both sides of the operation control
channel 131e, and the emission control source electrode
136/ and the emission control drain electrode 137/ are
provided at both sides of the emission control channel 131/
The bypass source electrode 136g and the bypass drain
clectrode 137¢ are provided at respective sides of the bypass
channel 131g.

A first gate msulating layer 141 covering the semicon-
ductor 130 1s provided thereon. On the first gate insulating
layer 141, a first gate metal line (151, 152, 153, 158, and
155a) including the switching gate electrode 1555, the scan
line 151 including the compensation gate electrode 155¢, the
previous scan line 152 including the mitialization gate
clectrode 1554, the light emission control line 153 including
the operation control gate electrode 155¢ and the light
emission control gate electrode 155/, the bypass control line
158 including the bypass gate electrode 155¢, and the
driving gate electrode (the first storage electrode) 13554 1s
provided.

The second gate msulating layer 142 covering the first
gate metal line (151, 152, 153, 1358, and 1554a) and the first
gate msulating layer 141 1s disposed thereon. In an exem-
plary embodiment, the first gate insulating layer 141 and the
second gate insulating layer 142 may include a silicon
nitride (S1Nx) or a silicon oxide (S10x), for example.

On the second gate insulating layer 142, a second gate
metal line (157 and 156) including a storage line 157 parallel
to the scan line 151 and the storage electrode 156 as an
expansion of the storage line 157 1s provided.

The second storage electrode 156 1s wider than the first
storage electrode 155a functioning as the driving gate elec-
trode such that the second storage electrode 156 completely
covers the drniving gate electrode 155a.

A gate metal line 151, 152, 153, 15354, 156, and 157
including the first gate metal line (151, 152, 153, and 155q)
and the second gate metal line (156 and 157) may be
provided as a multilayer in which metal layers including at
least one of copper (Cu), a copper alloy, aluminum (Al), an
aluminum alloy, molybdenum (Mo), and a molybdenum
alloy are stacked.

An interlayer insulating layer 160 1s disposed on the
second gate msulating layer 142 and the second gate wires
157 and 156. The interlayer insulating layer 160 may include
a silicon nitride (SiNx) or a silicon oxide (S10x).

Contact holes 61, 62, 63, 64, 65, 66, and 69 are defined 1n
the mterlayer msulating layer 160. On the interlayer 1nsu-
lating layer 160, a data metal line 171, 172, 174, 177, and
179 including a data line 171, a driving voltage line 172, a
driving connecting member 174, an initialization connecting
member 177, and a pixel connecting member 179 1s pro-
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vided. The data metal line (171,172,174, 177, and 179) may
be provided as a multilayer in which metal layers including
at least one of copper (Cu), a copper alloy, aluminum (Al),
an aluminum alloy, molybdenum (Mo), and a molybdenum
alloy are stacked, and for example, may be provided as a
triple layer of titanium/aluminum/titanium (117Al/'T1), a
triple layer ol molybdenum/aluminum/molybdenum (Mo/
Al/Mo), or a triple layer of molybdenum/copper/molybde-
num (Mo/Cu/Mo).

The data line 171 1s connected to the switching source
clectrode 1366 through the switching contact hole 62
defined 1n the first gate isulating layer 141, the second gate
insulating layer 142, and the interlayer insulating layer 160,
one end of the driving connecting member 174 1s connected
to the first storage electrode 155a through the dniving
contact hole 61 defined 1n the second gate insulating layer
142 and the interlayer insulating layer 160, and the other end
of the driving connecting member 174 1s connected to the
compensation drain electrode 137¢ and the imtialization
drain electrode 1374 through the compensation contact hole
63 defined 1n the first gate mnsulating layer 141, the second
gate msulating layer 142, and the interlayer insulating layer
160.

The mitialization connecting member 177 parallel to the
data line 171 1s connected to the initialization source elec-
trode 1364 through the initialization contact hole 64 defined
in the first gate msulating layer 141, the second gate insu-
lating layer 142, and the interlayer insulating layer 160.
Also, the pixel connecting member 179 1s connected to the
light emission control drain electrode 137/ through the light
emission control contact hole 66 defined 1n the first gate
insulating layer 141, the second gate msulating layer 142,
and the interlayer insulating layer 160.

A passivation layer 180 covering the data metal line 171,
172, 174, 177, and 179 and the interlayer insulating layer
160 1s disposed thereon. The passivation layer 180 covers
the data metal line (171, 172, 174, 177, and 179) to be
tflattened such that the pixel electrode 191 may be disposed
on the passivation layer 180 without a step. In an exemplary
embodiment, the passivation layer 180 may include a
stacked layer of an organic material such as a polyacrylate
resin, a polyimide resin, or the like, or a stacked layer of an
organic material and an i1norganic material.

The first electrode 191 and the mitialization voltage line
192 are disposed on the passivation layer 180. The pixel
connecting member 179 1s connected to the first electrode
191 through the contact hole 81 provided in the passivation
layer 180, and the initialization connecting member 177 1s
connected to the mitialization voltage line 192 through the
contact hole 82 provided in the passivation layer 180.

A pixel definition layer (“PDL”") 350 covering the passi-
vation layer 180, the imitialization voltage line 192, and the
first electrode 191 1s disposed thereon. The pixel definition
layer 350 includes a first portion 350a, and a second portion
3500, and a pixel opening 351 1s defined in the pixel
definition layer 350. The second portion 35056 of the pixel
definition layer 350 has a thickness less than that of the first
portion 350aq.

The organic emission layer 370 1s disposed on the first
clectrode 191, and the second electrode 270 1s disposed on
the organic emission layer 370. The second electrode 270 1s
also disposed on the pixel defimition layer 350 over the
plurality of pixels PX. As such, the organic light emitting,
diode OLED including the first electrode 191, the organic
emission layer 370, and the second electrode 270 1s dis-
posed.
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The first electrode 191 includes the first portion 191a
overlapping the first portion 350a of the pixel definition
layer 350, the second portion 1915 overlapping the second
portion 3505 of the pixel definition layer 350, and the third
portion 191c¢ overlapping the pixel opening 351 of the pixel
definition layer 350. Here, the overlapping means to be
overlapped 1n a vertical direction 1n a cross-sectional view.

The second electrode 270 includes the first portion 270a
overlapping the first portion 350aq of the pixel definition
layer 350, the second portion 2706 overlapping the second
portion 3506 of the pixel definition layer 350, and the third
portion 270c overlapping the pixel opening 351 of the pixel
definition layer 350.

Accordingly, the first electrode 191 and the second elec-
trode 270 overlap the first portion 350a, the second portion
3505, and the pixel opening 351 of the pixel definition layer
350.

The third portion 191c¢ of the first electrode 191 posi-
tioned 1n the pixel opening 351 and the third portion 270c¢ of
the second electrode 270 are in contact with the organic
emission layer 370. The pixel opening 351 defines a light
emission region.

It 1s shown that the organic emission layer 370 overlaps
the second portion 3505 of the pixel definition layer 350, but
the organic emission layer 370 may not overlap the second
portion 3505 of the pixel definition layer 350 as described
above.

In the illustrated exemplary embodiment, when the thick-
ness of the partial region of the pixel definition layer 350
decreases and the first electrode 191 and the second elec-
trode 270 are overlapped in the corresponding region, the
capacitance may be additionally secured.

An encapsulation member (not shown) protecting the
organic light emitting diode OLED may be disposed on the
second electrode 270, and the encapsulation member may be
sealed to the substrate 100 by a sealant and may include
various materials such as glass, quartz, ceramic, plastic, and
a metal. A thin film encapsulation layer may be disposed on
the common electrode 270 by depositing the inorganic layer
and the organic layer with the usage of the sealant.

The display device according to an exemplary embodi-
ment will be described with reference to FIG. 18.

The display device according to the exemplary embodi-
ment shown in FIG. 18 1s substantially the same as the
display device according to an exemplary embodiment
shown 1n FIGS. 13 to 17 such that the description thereof 1s
omitted. In the 1llustrated exemplary embodiment, the plane
shape of the first electrode 1s diflerent from the previous
exemplary embodiment, and this 1s described in detail.

FIG. 18 1s a plan view of a display device according to an
exemplary embodiment.

Like the previous exemplary embodiment, the display
device according to the illustrated exemplary embodiment
includes seven transistors, the first electrode 191, the organic
emission layer 370, and the second electrode.

The plane shape of the first electrode 191 and the organic
emission layer 370 1s different from the previous exemplary
embodiment, and the plane shape of the first electrode 191
and the organic emission layer 370 may be designed to be
variously changed as described above. Also, it 1s shown that
the organic emission layer 370 and the first electrode 191 are
completely overlapped, but the mvention 1s not limited
thereto, and the organic emission layer 370 and the first
clectrode 191 may be overlapped at a partial region. Further,
the organic emission layer 370 may be positioned only in the
pixel openming 351. Like the previous exemplary embodi-
ments, as the second portion 3506 of the pixel definition




US 10,453,905 B2

23

layer 350 1s thinner than the first portion 350aq and ft
second portion 3505 overlaps the first electrode 191 and t

1C

1C

second electrode 270, the capacitance may be additionally
secured, thereby improving the reliability of the element.
A plurality of pixels R, G, and B may be disposed as the

pentile type, and the first electrode 191 of the red pixel

may be larger than the first electrode 191 positioned 1n t

green pixel G. Also, the first electrode 191 positioned 1n t.
blue pixel
positioned
positioned
positioned

in the blue pixel B may be symmetric.

R
e

1C

B may be larger than the first electrode 191
in the green pixel G. The first electrode 191
in the red pixel R and the first electrode 191

While this invention has been described in connection
with what 1s presently considered to be practical exemplary
embodiments, 1t 1s to be understood that the 1nvention 1s not
limited to the disclosed embodiments, but, on the contrary,

1s 1ntended to cover various modifications and equivalent
arrangements 1ncluded within the spirit and scope of the

appended claims.

What 1s claimed 1s:
1. A display device comprising:
a substrate:

a switching transistor and a driving transistor positioned

on the substrate;
a first electrode connected to the driving transistor;

a second electrode positioned on the first electrode; and
a pixel definition layer positioned between the first elec-

trode and the second electrode, and including:
a first portion, and
a second portion thinner than the first portion,

wherein the first portion encloses and defines a pixel

opening,

wherein both the first portion and the second portion
overlap the first electrode and the second electrode with
respect to a thickness direction of the substrate 1n a top

plan view.
2. The display device of claim 1, wherein

the first electrode and the second electrode overlap the
first portion, the second portion, and the pixel opening

of the pixel definition layer.
3. The display device of claim 2, wherein

a distance between a first portion of the first electrode
overlapping the first portion of the pixel definition layer
and a first portion of the second electrode 1s greater than
a distance between a second portion of the first elec-
trode overlapping the second portion of the pixel defi-
nition layer and a second portion of the second elec-

trode.
4. The display device of claim 3, wherein

a distance between a third portion of the first electrode
overlapping the pixel opening of the pixel definition
layer and a third portion of the second electrode 1s less
than the distance between the second portion of the first
clectrode overlapping the second portion of the pixel
definition layer and the second portion of the second

clectrode.
5. The display device of claim 1, wherein

the first portion of the plxel deﬁmtlon layer 1s positioned

between the pixel opeming and the second portion.
6. The display device of claim 1, further comprising

an organic emission layer positioned between the first

electrode and the second electrode.
7. The display device of claim 6, wherein

the organic emission layer 1s positioned between the pixel

definition layer and the second electrode.

10

15

20

25

30

35

40

45

50

55

60

65

24

8. The display device of claim 6, wherein

the second portion of the pixel definition layer overlaps
the organic emission layer.

9. The display device of claim 8, wherein

the first electrode, the second electrode, and the organic
emission layer overlap the first portion, the second
portion, and the pixel opening of the pixel definition
layer.

10. The display device of claim 6, wherein

the second portion of the pixel defimition layer does not
overlap the organic emission layer.

11. The display device of claim 10, wherein:

the first electrode and the second electrode overlap the
first portion, the second portion, and the pixel opening
of the pixel definition layer; and

the organic emission layer overlaps the pixel opening of
the pixel definition layer.

12. The display device of claim 6, wherein

the first portion of the pixel definition layer 1s positioned
between the pixel opening and the second portion and
1s positioned between a plurality of second portions
adjacent to each other.

13. The display device of claim 12, wherein

the first portion of the pixel definition layer does not
overlap the organic emission layer between the plural-
ity of second portions adjacent to each other.

14. The display device of claim 12, wherein

the organic emission layer includes a first organic emis-
stion layer emitting a first color and a second organic
emission layer emitting a second color, and the first
organic emission layer and the second organic emission
layer do not overlap each other.

15. A display device comprising:

a substrate;

a first electrode positioned on the substrate;

a pi1xel definition layer positioned on the substrate and the
first electrode and including:

a first portion; and

a second portion thinner than the first portion;

an organic emission layer positioned on the first electrode;
and

a second electrode positioned on the organic emission
layer,

wherein the first portion encloses and defines a pixel
opening,

wherein both the first portion and the second portion
overlap the first electrode and the second electrode with
respect to a thickness direction of the substrate 1n a top
plan view.

16. The display device of claim 135, wherein

the first electrode and the second electrode overlap the
first portion, the second portion, and the pixel opening
of the pixel definition layer.

17. The display device of claim 16, wherein

a distance between a first portion of the first electrode
overlapping the first portion of the pixel definition layer
and a first portion of the second electrode 1s greater than
a distance between a second portion of the first elec-
trode overlapping the second portion of the pixel defi-
nition layer and a second portion of the second elec-

trode.

18. The display device of claim 135, wherein

the first portion of the pixel definition layer 1s positioned
between the pixel opening and the second portion.
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19. The display device of claim 15, wherein
the second portion of the pixel defimtion layer further
overlaps the organic emission layer.
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